5D World-Universe Model is based on the decisive role of the Medium of the World composed of massive particles: protons, electrons, photons, neutrinos, and dark matter particles. In this manuscript we discuss different aspects of the gravitation: measured values of the Newtonian parameter of Gravitation and different Gravitational effects (gravitational lensing, cosmological redshift, gravitational deflection of light and gravitational refraction, proposed in the present paper). We show inter-connectivity of all cosmological parameters and provide a mathematical framework that allows direct calculation of them based on the value of the gravitational parameter. We analyze the difference between Electromagnetism and Gravitoelectromagnetism and make a conclusion about the mandatory existence of the Medium of the World. This paper aligns the World-Universe Model with the Le Sage's theory of gravitation and makes a deduction on Gravity, Space and Time be emergent phenomena.
Introduction
We can't solve problems by using the same kind of thinking we used when we created them.
Albert Einstein Today, a growing feeling of stagnation is shared by a large number of researchers. In his "The Twilight of the Scientific Age" (2013), Martin Lopez Corredoira outlines the most significant issues he believes, Physics todays' experiences, as a discipline: increasingly expensive experiments that yield less and less, lack of outstanding results, lack of openness to new ideas exhibited by scientific journals and community as a whole.
In some respects, the situation today is similar to that at the end of 19 th century, when the common consensus held that the body of Physics was nearly complete. Discoveries of special and general relativity, quantum me-chanics and elementary particles shook that belief and led to a new renaissance in Physics that lasted for a century. The genius of Einstein, Planck, Bohr, Dirac, Heisenberg, and Schrödinger allowed them to propose fundamentally new theories with very little experimental data to back them up.
During the 20 th century, their theories were validated and elaborated with newly acquired experimental results. The pendulum may, however, have swung too far: today, all results must be made fit into the existing framework. The frameworks get adjusted when necessary, particularly inconvenient results may even get discarded at times. The time may be ripe to propose new fundamental models that will be both simpler than the current state of the art, as well as open up new areas of research.
In 1937, Paul Dirac proposed a new basis for cosmology: the hypothesis of a variable gravitational "constant"; and later added the notion of continuous creation of matter in the World. In 1983, Paul Wesson developed 5D Space-Time-Mass theory that associated the fifth dimension with rest mass of particles. The gravitational constant serves as the dimension-transposing parameter.
5D World-Universe Model (WUM) follows these ideas, albeit introducing a different mechanism of matter creation. WUM rests on the theoretical basis developed by Prof. Wesson, with the following modifications [1] : the fifth dimension is associated with the total energy of the Medium of the World, and the gravitomagnetic parameter of the Medium serves as the dimension-transposing parameter.
A number of ideas presented in this paper are not new, and I don't claim credit for them. In fact, several ideas belonging to classical physicists such as P. A. M. Dirac, P. S. Wesson, A. D. Sakharov, O. Heaviside, Le Sage, and J. McCullagh, are revisited in a new light.
The 5D WUM is proposed as an alternative to the prevailing Bing Bang Model of standard physical cosmology. The main differences are the existence of the Medium of the World and the source of the World's energy.
WUM analyzes the role of the Intergalactic plasma consisting of protons, electrons, and photons as part of the Medium of the World [1] , discusses Multicomponent Dark Matter and its decisive role in the Medium and Macroobjects of the World [2] , and considers mass-varying neutrinos as part of the Medium of the World [3] .
This paper discusses the Gravitation of the World. In Section 2 we make analysis of the measured values of the Newtonian parameter of Gravitation. In Section 3 we show inter-connectivity of all cosmological parameters and provide a mathematical framework that allows their direct calculation based on the value of the Gravitational parameter. In Section 4 we present different gravitational effects: gravitational lensing, cosmological redshift, gravitational deflection of light and gravitational refraction, proposed in the present paper. The Gravitoelectromagnetism is discussed in Section 5. Le Sage's gravity mechanism is analyzed in Section 6. In Section 7 we deduce on Gravity, Space and Time to be emergent phenomena.
Observations of Newtonian Parameter of Gravitation
The accuracy of the measured value of Gravitational parameter G has increased only modestly since the original Cavendish experiment. Published values of G have varied rather broadly, and some recent measurements of high precision are, in fact, mutually exclusive. Table 1 , borrowed from CODATA Recommended Values of the Fundamental Physical Constants, 2010, summarizes the results of measurements of the Newtonian parameter of gravitation relevant to the 2010 adjustment [4] :
Observe that the values of G vary significantly depending on method. The disagreement in the values of G obtained by the various teams far exceeds the standard uncertainties provided with the values.
Detailed analysis of the results of measurements of the Newtonian parameter of gravitation in Table 1 shows that there are three groups of measurements. Inside each such group, the measurements are not mutually exclusive; however measurements outside of a group contradict the entire group.
• The first such group consists of six measurements with the average value of ( ) 6.67559 27 10 m kg s G
and relative standard uncertainty 40 ppm. Clearly, the relative uncertainty of any such group is better than the uncertainty of the entire result set. 1 2 , G G and 3 G have relative standard uncertainties that are smaller than the average value of G. Out of the three distinct groups of G measurements, how shall we identify the correct one?
In accordance with WUM, the Gravitational parameter G and Fermi coupling parameter F G can be expressed as follows [3] 
The above G ∆ is far smaller than the precision that we have attained when measuring G , and thus measuring G ∆ directly seems to be impossible using contemporary techniques.
In his papers Jean-Philippe Uzan reviewed the main experimental and observational constraints that have been obtained for variations of the gravitational parameter in different areas [5] Moreover, Teller didn't take the "Faint Young Sun" paradox into account: the young Sun's output was only about 70% of what it is today [1] . So, all conclusions on the (almost) constancy of the Newtonian parameter of gravitation are model-dependent.
Cosmological Parameters
The advantage of WUM is that two fundamental parameters in various rational exponents define all macro and micro features of the World: Fine-structure constant α, and dimensionless quantity Q. While α is constant, Q increases with time, and is in fact a measure of the size and the age of the World, as well as all other time-varying parameters of the World [1] - [3] . Q can be calculated based on the value of the gravitational parameter G:
Then all time-varying cosmological parameters can be calculated based on the value of G :
• Temperature of the microwave background radiation MBR T 15 2π
• Temperature of the far-infrared background radiation peak FIRB T
• Planck mass
• • Axion mass a m
where B k is the Boltzmann constant, 0 ρ is a basic unit of energy density: Mpc H = ± obtained using WMAP data [7] .
We can calculate the value of MBR T (see 3.6) and get 2.72518 K MBR T = which is in excellent agreement with experimentally measured value of 2.72548 0.00057 K ± [8] . In frames of WUM, some cosmological parameters are constants and can be calculated based on the value of the fine-structure constant α . WUM postulates that masses of Dark Matter Particles (DMP) are proportional to 0 m multiplied by different exponents of α [2] :
Cold DMP (neutralinos and WIMPs): These values fall into the mass ranges estimated in literature [2] . The roles of those particles in macroobject cores built up from fermionic dark matter, in gamma-ray spectra of the diffuse gamma-ray background and the emission of various macroobjects in the World are discussed in [2] .
One of the principal ideas of WUM holds that relative energy densities of the World's particles in terms of the critical energy density cr ρ are constants in all times; depend only on the fundamental parameter α and proportional to proton energy density in the World's Medium [ 
in all times. The implication is that the World is flat.
From (3.29) we can calculate the value of α , using electron-to-proton mass ratio not an independent constant, but is instead derived from α [3] .
With the exception of neutrinos, the calculated values of the energy densities of the components of the World are in good agreement with their latest measurements [1] - [3] . When it comes to neutrinos, WUM postulates a much higher energy density than is commonly accepted in literature. As we proceed to show in the next section, there is no need for Dark Energy in WUM.
Gravitational Effects
The very first gravitational effect was calculated by J. G. von Soldner in 1801. In his paper "The deflection of a light ray from its rectilinear motion, by the attraction of a celestial body at which it nearly passes by" he found for the angle of deflection by Sun θ the value 0.84arcsec θ = which is very close to the value 0.87arcsec θ = calculated by Einstein in 1908 [9] . And only in 1915 Einstein presented the 1.75arcsec θ = calculation based on General Theory of Relativity.
In our opinion, there is another possibility to explain an increased value of the deflection angle by Sun. According to WUM, all macroobjects of the World have cores made up of fermionic DMP. In case of extrasolar systems, the cores of stars are made up of interacting neutralinos or WIMPs surrounded with white dwarf shells.
Surrounding the cores, there is a transitional region in which the density decreases rapidly to the point of the zero level of the fractal structure [10] characterized by radius f R and energy density f ρ that satisfy the following equation for
The transition region between solar core and the beginning of the Heliosphere, in which the density considerably decreases, may cause an additional deflection of a light ray due to the gravitational refraction.
A gravitational lens refers to a distribution of matter (such as a cluster of galaxies) between a distant source and an observer that is capable of bending the light from the source, as it travels towards the observer. Fritz Zwicky posited in 1937 that the effect could allow galaxy clusters to act as gravitational lenses. It was not until 1979 that this effect was confirmed by observation of the so-called "Twin QSO" SBS 0957 + 561.
According to WUM, sterile neutrinos make up cores of galaxy clusters. The cores are surrounded by shells made up of DM and baryonic matter. Every macroobject consists of all particles under consideration that are present in the same proportion as they exist in the World's Medium [2] .
In our opinion, the structure of galaxy clusters described above should be taken into account whenever gravitational lenses are calculated.
Gravitational redshift is the process by which electromagnetic radiation originating from a source that is in a gravitational field is reduced in frequency, or redshifted, when observed in a region of a weaker gravitational field. This effect is now considered to have been definitively verified by the experiments of Pound, Rebka and Snider between 1959 and 1965.
The gravitational redshift depends on the mass of the gravitating body. WUM holds that 1/3 of the total mass is in the central macroobject (for example, a star in extrasolar system) and 2/3 of the total mass is in the fractal structure around it [1] . This mass ratio should be taken into account when calculating gravitational redshift.
The gravitational redshift is a part of the total cosmological redshift. Let us analyze the movement of photons as they travel from distant galaxies to Earth in the time-varying Medium. As we have shown in [1] , energy of photons remains constant in the ideal frictionless Medium. In the actual rotationally elastic Medium [11] 
The cosmological redshift is then described by a nonlinear equation on ph t :
As an example, a photon travelling for 7.11 Byr (half of the World's age A τ ) will have a redshift of 1 2 z + =.
Photon travelling for 12.64 Byr will have a redshift of 1 9 z + =. The difference is due to the dependence of the Medium friction on time: it was 9 times greater at 1.58 Byr emit τ = than it is now at 14.22 Byr obsv τ ≈ . In accordance with Hubble's law, the distance d to galaxies for 1 z  is found to be proportional to z:
The relationship of distance d to the redshift z for large values of z is not presently conclusive, active research is conducted in the area. In our Model, the distance to galaxies equals to:
which reduces to 4.11 for 1 z  and d R = for z → ∞ . Experimental observations measuring light from distant galaxies and supernovae seem to imply that the World is expanding at an accelerated pace, as is evident from the observed redshift. Since 1990s, Dark Energy became the widely accepted hypothesis that explains this phenomenon.
The time varying friction of the Medium offered above provides an alternative interpretation of these observations. For 1 z > , the distance to supernovae is smaller than expected and hence supernovae are brighter. There is then no reason to introduce dark energy in order to explain the nonlinear relationship of distance to the redshift.
In WUM the theoretical need for additional energy density distinct from the baryon matter and dark matter densities to form our observationally flat World is satisfied with the considerably larger fraction of the neutrino energy density in the total energy density of the World (see 3.26). Consequently, we are dealing with wellknown particles instead of dark energy.
The idea of loss of energy of the photon in the intergalactic medium was first suggested in 1929 by Zwicky. But there are two problems: 1) all images of distant objects look blurred if the intergalactic space produces scattering; 2) the scattering effect and the consequent loss of energy is frequency dependent [12] .
Different mechanisms were proposed to avoid blurring and scattering. Laio A., et al. showed that the shift of photon frequency in low density plasma (which is the case in our Model [1] ) could come from quantum effects derived from standard quantum electrodynamics [13] . According to E. J. Lerner, quantum mechanics indicates that a photon gives up a tiny amount of energy as it collides with an electron, but its trajectory does not change [14] .
There is another way to explain the absence of the blurring and scattering. Back in 1846 James McCullagh proposed a theory of rotationally elastic medium, i.e. the medium in which every particle resists absolute rotation [11] . This theory produces equations analogous to Maxwell's electromagnetic equations. In our opinion, the Medium of the World is in fact such a rotationally elastic medium. We propose to review the interaction of photons with the Medium in light of this unique theory.
Gravitoelectromagnetism
Gravitoelectromagnetism (GEM) refers to a set of formal analogies between the equations for electromagnetism and relativistic gravitation. GEM is an approximation to the Einstein field equations for general relativity in the weak field limit. The equations for GEM were first published in 1893, before general relativity, by O. Heaviside as a separate theory expanding Newton's law [15] . WUM follows this theory.
Maxwell's equations (ME) vary with the unit system used. Although the general shape remains the same, various definitions are changed, and different constants appear in different places. We'll start our discussion with ME in SI units. We will not rewrite well-known equations, but only provide the relationships between physical quantities used in ME for electromagnetism and gravitoelectromagnetism in the Table 2 and Table 3 :
In Maxwell's equations, electrodynamic constant c is defined as the ratio of the absolute electromagnetic unit of charge to the absolute electrostatic unit of charge.
From Table 2 and Table 3 it becomes clear that the dimensions of all physical quantities depend on the choice of the charge and mass dimensions (Coulomb & kilogram in SI units). In other unit systems the dimensions are different. For instance, in Gaussian units (CGSE): We seem to possess a substantial degree of freedom when it comes to choosing the dimension of charge. For an arbitrary dimension-transposing parameter P we can • Multiply the charge and mass and all physical quantities on the left side of Table 2 and Table 3 by an arbitrary parameter P, • Divide impedances by 2 
P ,
• Divide magnetic fluxes and all physical quantities on the right side of Table 2 and Table 3 by P.
Following such a transformation, all physically measurable parameters such as energy density and energy flux density remain the same, and have the same mechanical dimensions.
By definition, 1 Coulomb equals to one tenth of the absolute electromagnetic unit of charge. It follows that in SI we use electromagnetic unit of charge e in the electrostatic Coulomb law instead of the electrostatic unit e c . This seems a bit odd. Likewise, when describing Newtonian law of gravitation, we use m-the inertial mass, instead of gravitoelectrostatic charge mc -the gravitational mass. The gravitoelectromagnetic charge is then 2 mc . Similarly to the electromagnetic field, the gravitoelectrodynamic constant c is the ratio of the absolute gravitoelectromagnetic unit of charge to the absolute gravitoelectrostatic unit of charge. 
E
Inv mc c
where the invariant is, in fact, the gravitoelectrostatic charge mc squared, and E is the gravitoelectromagnetic charge.
The inertial mass and the gravitational mass are not the same physical quantity. Instead, they are proportional to each other, and their ratio equals to the gravitoelectrodynamic constant c. The classical theory offers no compelling reason why the gravitational mass mc has to equal the inertial mass m, commonly referred to as "rest mass".
Analogous to electromagnetism, we can think of m as a gravitocapacitor. Then, 2 E mc = describes the accumulation of energy by gravitocapacitor with capacity m, rather than transformation of energy to mass.
But there is a principal physical difference between Electromagnetism (EM) and Gravitoelectromagnetism (GEM):
• In EM, the magnetic constant 0 µ and electric constant 0 ε are the vacuum permeability and vacuum permittivity of free (empty) space correspondingly; • In GEM, the gravitomagnetic parameter g µ depends on the gravitational parameter G:
which is not a constant in our model and cannot be introduced without the Medium of the World. In frames of WUM the gravitomagnetic parameter g µ can be calculated based on the value of the energy density of the Medium of the World M ρ : Long time ago it was realized that there are no longitudinal waves in the Medium, and hence the Medium could not be an elastic matter of an ordinary type. In 1846 James McCullagh proposed a theory of a rotationally elastic medium, i.e. a medium in which every particle resists absolute rotation [11] .
The potential energy of deformation in such a medium depends only on the rotation of the volume elements and not on their compression or general distortion. This theory produces equations analogous to Maxwell's electromagnetic equations.
The World-Universe Model is based on Maxwell's equations, and McCullagh's theory is a good fit for description of the Medium.
As the conclusion: • The gravitation does not exist without the Medium of the World;
• The gravitation is connected to the main characteristic of the Medium-energy density.
Le Sage's Theory of Gravitation
Wikipedia summarizes this unique theory as follows:
"
Le Sage's theory of gravitation is a kinetic theory of gravity originally proposed by Nicolas Fatio de Duillier in 1690 and later by Georges-Louis Le Sage in 1748. The theory proposed a mechanical explanation for Newton's gravitational force in terms of streams of tiny unseen particles (which Le Sage called ultra-mundane corpuscles) impacting all material objects from all directions. According to this model, any two material bodies partially shield each other from the impinging corpuscles, resulting in a net imbalance in the pressure exerted by the impact of corpuscles on the bodies, tending to drive the bodies together".
Le Sage proposed quantitative estimates for some of the theory's parameters: • He called the gravitational particles ultramundane corpuscles, because he supposed them to originate beyond our known universe. The distribution of the ultramundane flux is isotropic and the laws of its propagation are very similar to that of light.
• He suggested that the ultramundane corpuscles might move at the speed of light.
• To maintain mass proportionality, ordinary matter consists of cage-like structures, in which their diameter is only the 10 7 th part of their mutual distance, so the particles can travel through them nearly unhindered. Lyman Spitzer in 1941 calculated that absorption of radiation between two dust particles lead to a net attractive force which varies proportional to 1/r 2 [16] . The Le Sage mechanism also has been identified as a significant factor in the behavior of dusty plasma. A. M. Ignatov has shown that an attractive force arises between two dust grains suspended in isotropic collisionless plasma due to inelastic collisions between ions of the plasma and the grains of dust. This attractive force is inversely proportional to the square of the distance between dust grains, and can counterbalance the Coulomb repulsion between dust grains [17] .
Although it is not regarded as a viable theory within the mainstream scientific community, there are some attempts to re-habilitate the theory [18] - [25] . In this respect, we would like to stress the importance of the extended theories of gravity in the debate about gravitation, as it is clarified in [26] .
Every Le Sage-type model assumes the existence of a space-filling isotropic flux or radiation of enormous intensity and penetrating capability. The flux of neutrinos emanating from the Sun was discussed in literature. This flux possesses the penetrating properties envisaged by Le Sage, but it is not isotropic, and its intensity is even smaller than that of the Cosmic Microwave Background radiation.
In our model, the Cosmic Neutrino Background (CNB) is indeed a space-filling and fairly isotropic flux. It has a high intensity since its total neutrino energy density CNB Ω is about 69% of the total energy density of the It follows that CNB consists of very low-energy neutrinos, whose energy is similar to that of the Cosmic Microwave Background radiation. Their interaction with matter is very weak. Since the neutrino-induced crosssections depend on the neutrinos energy linearly, such background neutrinos will not be registered by standard neutrino detectors. In fact, we might never be able to directly observe the CNB.
The obtained results show that the proposed CNB mechanism of Gravitation is relevant for the Le Sage's theory.
In our model, Dark Matter particles (DMP) are a space-filling and fairly isotropic flux as well. It possesses the penetrating properties envisaged by Le Sage for his ultramundane corpuscles, and has a high intensity since the total DMP energy density DM Ω is about 24% of the W Ω (see 3.25). We should recall that 1/3 of the World energy W E is in all Macroobjects and 2/3 of W E is in the Medium of the World which is a space-filling and fairly isotropic in our model [1] and is responsible for the Le Sage's mechanism of the gravitation.
According to WUM, all material objects of the World have gravitational charges. Two particles or microobjects will not exert gravity on one another when both of their masses are smaller than the Planck mass. Planck mass can then be viewed as the mass of the smallest macroobject capable of generating the gravitoelectromagnetic field, and serves as a natural borderline between classical and quantum physics [3] .
It is obvious that for the realization of Le Sage's mechanism of gravitation at least one material object must be a macroobject. In our opinion, the smallest such macroobject has Planck mass. The validity of this statement follows from the work of Lyman Spitzer [16] and A. M. Ignatov [17] who identified Le Sage's mechanism as a significant factor in the behavior of dust particles and dusty plasma.
As the conclusion: • Gravity is not an interaction but a manifestation of the Medium of the World;
• Le Sage's theory is the very first theory which defines the Gravity as an emergent phenomenon.
Emergent Gravity, Space and Time
By definition, an emergent phenomenon is a property that is a result of simple interactions that work cooperatively to create a more complex interaction. Physically, the simple interactions occur at a microscopic level, and the collective result can be observed at a macroscopic level. In Le Sage's theory the gravity is just a result of mi-croscopic interactions which appear to average out on a macroscopic scale and give us gravity as we recognize it.
C. Barcelo, S. Liberati, and M. Visser have this to say about emergent gravity: "One of the more fascinating approaches to 'quantum gravity' is the suggestion, typically attributed to Sakharov [27] [28] that gravity itself may not be 'fundamental physics'. Indeed it is now a relatively common opinion, maybe not mainstream but definitely a strong minority opinion, that gravity (and in particular the whole notion of spacetime and spacetime geometry) might be no more 'fundamental' than is fluid dynamics. The word 'fundamental' is here used in a rather technical sense-fluid mechanics is not fundamental because there is a known underlying microphysics that of molecular dynamics, of which fluid mechanics is only the low-energy low-momentum limit" [29] .
With Albert Einstein's principle at heart-"When forced to summarize the theory of relativity in one sentence: time and space and gravitation have no separate existence from matter"-we introduced the Medium of the World consisting of protons, electrons, photons, neutrinos, and dark matter particles. In our model the Medium is not fundamental and has the macroscopic parameters like in fluid mechanics: impedance, gravitomagnetic parameter, etc.
In frames of WUM we can find the gravitomagnetic parameter of the Medium g µ : where R is the size of the World, H is Hubble's parameter and τ is the absolute cosmological time measured from the Beginning of the World like absolute temperature measured from absolute zero in kelvins. It follows that measuring the value of Hubble's parameter anywhere in the World and taking its inverse value allows us to calculate the absolute time of the World τ . The Hubble's parameter is then the most important characteristic of the World, as it defines the Worlds' age.
The second important characteristic of the World is the gravitomagnetic parameter. Taking its inverse value, we can find the absolute size of the World R. We emphasize that the above two parameters ( g Z and g µ ) are
principally different physical characteristics of the Medium that are connected through the gravitoelectrodynamic constant c. In WUM, time and space are closely connected with the Mediums' impedance and gravitomagnetic parameter. It follows that neither time nor space could be discussed in absence of the Medium. The gravitational parameter G can be introduced only for the World filled with matter. Matter, then, is primary to time and space and gravity, as Einstein has postulated.
It follows that the gravity, space and time itself can be introduced only for the World filled with matter consisting of elementary particles which take part in simple interactions at a microscopic level. The collective result of their interactions can be observed at a macroscopic level. It means that Gravity, Space and Time are the emergent phenomena.
When in history of the World can we introduce the Medium of the World-a macroscopic notion? According to WUM, at the beginning when the size of the World was equal to a and the extrapolated density (neutralinos, WIMPs, protons) [3] with the resulting microobjects-nuclei. All lighter particles would then be attracted to the nuclei, increasing their masses and initiating the macroobjects' formation.
As the conclusion: • The macroscopic notion-the Medium of the World can be introduced at the cosmological time M τ .
• The emergent Gravity, Space and Time can be introduced for cosmological times 
